Complexity is one of the major demands of adolescents' future life as adults. To investigate adolescents' competence development in applying problem-solving strategies in complex environments, we conducted a 2-wave longitudinal study in a sample of Finnish adolescents (11-17 years old; N ϭ 1,959 at Time 1 and N ϭ 1,690 at Time 2, 3 years later). In this study, we aimed to: (a) determine the optimal number of strategy use profiles while solving complex problems, (b) determine the number of meaningful developmental paths for each profile, and (c) test the impact of reasoning abilities and learning-related motivational beliefs on the probability that an adolescent with a given strategy use profile will take a given developmental path. Using latent transition analysis, we found 4 meaningful strategy use profiles: Proficient Explorers, Rapid Learners, Emerging Explorers, and Low-Performing Explorers. Forty-three percent of the participants were classified as having the same strategy use profile in Time 1 and Time 2. The strategy use of 34% was assessed as having improved between Time 1 and Time 2, while that of 21% was assessed as having declined between Time 1 and Time 2. Verbal reasoning ability and learningrelated motivational beliefs predicted whether the developmental path of Emerging Explorers' was more likely to remain stable, improve, or decline over time.
Developmental researchers and educational stakeholders alike recognize the importance of adolescents' mastery of problems in complex environments (complex problem solving; CPS) for meeting the challenges awaiting them now and in the future. Like creative thinking, collaboration, communication skills, and adaptability, CPS is a 21st-century skill that is considered as necessary and relevant for adolescent's successful performance across a range of school subjects and adolescent biographical development in the long term (OECD, 2014) . Because of its predictive validity with respect to educational and work achievement (e.g., Danner, Hagemann, Schankin, Hager, & Funke, 2011; Greiff, Stadler, Sonnleitner, Wolff, & Martin, 2015; Kyllonen, Anguiano Carrasco, & Kell, 2017; Schweizer, Wüstenberg, & Greiff, 2013) , CPS was incorporated into the Program of International Student Assessment (PISA), the largest educational assessment program worldwide, with approximately half a million participants each cycle (OECD, 2014) . Because CPS is relevant for adolescents' biographies and is, because of its generalizability across domains, applicable to studies of children's and adolescents' behavioral development, we have a potential, but also the need to understand and to foster the successful development of CPS.
Adolescents' Complex Problem Solving Strategies
The definition of CPS reflects the challenge of preparing adolescents for a world that is constantly evolving in complexity and dynamic in change. Buchner (according to Frensch & Funke; Buchner, 1995, p. 14) defines CPS as the successful interaction with task environments that are dynamic (i.e., change as a function of the user's interventions and/or as a function of time) and in which some, if not all, of the environment's regularities can only be revealed by successful exploration and integration of the information gained in that process. CPS requires the active creation, selection, and integration of knowledge rather than solving problems by applying previous knowledge or familiar strategies. In contrast to more domainspecific competencies such as reading or science problem-solving, CPS can be considered a rather domain-general cognitive ability that does not require much domain-specific factual knowledge . Because only little content knowledge is required for successful complex problem solving, planned multistep interventions and strategic exploration are core aspects of CPS that differentiate CPS from other cognitive abilities, including reasoning-that is, drawing inferences and conclusions from one's own thinking based on epistemic constraints (Raven, 2000; Stadler, Niepel, & Greiff, 2019; .
Strategic behavior, that is, approaching problems with a higherorder plan to achieve a particular goal under dynamic and nontransparent conditions, has been identified as highly relevant for successful problem solving (Chen & Klahr, 1999; Greiff, Wüstenberg, & Avvisati, 2015; Kuhn et al., 1995; Wüstenberg, Stadler, Hautamäki, & Greiff, 2014) . One basic, but important behavioral strategy associated with successful CPS is the strategy of isolated variation (e.g., Chen & Klahr, 1999; Tschirgi, 1980) . Isolated variation is defined as the method of manipulating one variable in the problem environment while holding all other variables constant (Chen & Klahr, 1999) . Mastery of the strategy of isolated variation is a precondition for (a) the development of more sophisticated strategies involving the coordination of multiple variables, and (b) the different phases of scientific thinking: inquiry, analysis, inference, and argument (e.g., Kuhn, 2010; Kuhn et al., 1995) . It is involved in hypothesis generation, experimental design, and evidence evaluation and is applicable domain-generally (Zimmerman, 2000) .
Regarding CPS performance, Greiff, Wüstenberg, and Avvisati (2015) found that adolescents who used the isolated variation strategy in CPS tasks performed better on specific tasks and had higher overall CPS test scores. These findings stress the importance of taking a strategic approach to CPS as they indicate that adolescents who used the isolated variation strategy most likely understood the basic principles of strategic behavior and were able to transfer their strategic behavior to other tasks. Although the importance of applying a strategic approach in CPS has been shown, research about how adolescents can be differentiated on the basis of their ability to take a strategic approach in CPS is scarce. One recent effort to differentiate between patterns of strategic behavior using a cross-sectional person-centered approach yielded remarkable qualitative differences between adolescents (Greiff, Molnár, Martin, Zimmermann, & Csapó, 2018) . In that latent class analysis study, adolescents were classified into six groups that differed significantly with respect to overall CPS performance and duration of task exploration behavior. Those results provided valuable insight into differences in adolescents' use of the isolated variation strategy, but they were cross-sectional and did not contribute to our knowledge about developmental paths to distinct strategic behavior profiles or any factors influencing those paths.
Factors Predicting the Development of Strategic
Behavior in CPS Domain-independent, abstract, and rule-independent strategic behavior can be observed from elementary school on and it develops from childhood to adolescence (e.g., Zimmerman, 2000) . Adolescents at the age of 16 already adapt their use of the isolated variation strategy in a task depending on its effectiveness and on their own intelligence. In line with the current understanding of intelligence as the "ability to understand complex ideas, to adapt effectively to the environment, to learn from experience, to engage in various forms of reasoning, [and] to overcome obstacles by taking thought" (Board of Scientific Affairs of the American Psychological Association; Neisser et al., 1996, p. 77) , the more intelligent adolescents are, the more flexibly they are able to use the strategy (Lotz, Scherer, Greiff, & Sparfeldt, 2017) . Researchers investigating longitudinal predictors of CPS, however, have focused more on CPS performance than on strategic behavior during CPS (e.g., Frischkorn, Greiff, & Wüstenberg, 2014; Greiff, Wüstenberg, Goetz, et al., 2015) . A longitudinal study on Finnish adolescents (N ϭ 2,021), for example, revealed that reasoning was a precursor of CPS-unlike working memory, which had only a small impact on CPS (Greiff, Wüstenberg, Goetz, et al., 2015) . These findings support the idea that CPS involves reasoning and, to a smaller degree, working memory in the initial stages of development and develops into a higher-order cognitive skill in adoles-This document is copyrighted by the American Psychological Association or one of its allied publishers.
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cence. This finding is in line with studies showing that early cognitive information-processing levels predict future complex cognitive performance. For example, in preverbal infants, habituation efficiency is a small but significant predictor, above and beyond temperament and experience, of more complex cognition in childhood (e.g., Bornstein et al., 2006) . From childhood until adolescence, cognitive abilities continue to develop in a cascade, in that processing speed and working memory are significant precursors of the reasoning ability (Fry & Hale, 1996; Nettelbeck & Burns, 2010) . Given that reasoning predicts CPS performance, and strategic behavior is related to CPS performance, it is likely that reasoning is also predictive of the development of strategic behavior. Therefore, in the present study, we hypothesized that greater reasoning ability would be associated with the development of better strategy use during CPS. We differentiated between three facets of the reasoning ability: (a) scientific reasoning, defined as a set of thinking skills involved in inquiry, experimentation, causal design, concept formation and similar (Dunbar & Klahr, 2012) ; as well as (b) figural and (c) verbal reasoning, defined as the process of drawing inferences in problem situations that are based on (a) abstract or (b) linguistic principles (e.g., Polk & Newell, 1995) . Besides cognitive abilities, motivational abilities are assumed to significantly predict complex human behavior (e.g., Dörner & Güss, 2013) . Ample empirical evidence confirms that motivational beliefs do have an impact on cognitive achievement (e.g., Eccles & Wigfield, 2002) , although these effects are small or medium in size (Gagné & St. Père, 2001) . In particular, learning-related motivational beliefs, which can be defined as motivational beliefs to guide and support the effective use of cognitive abilities (Hautamäki et al., 2002) , were found to influence adolescents' achievement, especially in the face of difficulty or failure. As indicated by several meta-analyses, perceiving success as the result of one's personal control of effort and learning affects successful performance as well as persistence in the face of failure, whereas the goal to surpass one's peers is associated with poor achievement, negative affect, and avoidance of challenges (e.g., Dweck, 1986; Findley & Cooper, 1983; Hulleman, Schrager, Bodmann, & Harackiewicz, 2010; Rawsthorne & Elliot, 1999) . The effect of focusing attention on effort and the use of apt strategies was shown to be particularly strong in complex tasks (Utman, 1997) . Relating to CPS, Rudolph, Niepel, Greiff, Goldhammer, and Kröner (2017) showed that adolescents' confidence in being able to solve CPS tasks was one factor related to eventual CPS performance. Also, longitudinal studies confirmed that initial levels of learning-related motivational beliefs assessed in primary school predicted CPS performance at the end of the 6th grade (Vainikainen, Wüstenberg, Kupiainen, Hotulainen, & Hautamäki, 2015) . As learning-related motivational beliefs have been shown to have an impact on CPS, we reasoned that learning-related motivational beliefs at Time 1 would likely predict the development of adolescents' use of strategies. The effect might be based on the impact of those beliefs on the likelihood that adolescents put effort into learning in general. Therefore, for the present study, we included cognitive and motivational variables to test whether reasoning and learning-related motivational beliefs shape the development of adolescents' strategy use during CPS over time.
The Present Study
Because of its implications for adolescents' learning and development, it is important to investigate the development of adolescents' use of strategies in complex environments. Gaining a better understanding of adolescents' strategic approach over time and identifying factors that predict the development of the approach will make researchers and practitioners more able to foster students' success in these environments. The present two-wave longitudinal study was, therefore, designed to take a person-centered latent mixture modeling approach to reveal the pathways of development of strategic behavior during CPS in adolescents. Thus, the present study aimed to: (a) determine the optimal number of strategy use profiles for the assessment of adolescents, (b) determine the number of meaningful developmental paths for each strategy use profile, and (c) test the impact of reasoning abilities and learning-related motivational beliefs on the probability that an adolescent with a given strategy use profile will take a given developmental path. This will be the first longitudinal, differentiated, and dynamic picture of the development and determinants of differences in strategic behavior during CPS in adolescents.
Method

Participants
The participants were adolescents from a municipality in Finland who took part in a longitudinal educational assessment project ("Learning to learn in basic education schools") conducted regularly and carried out by the Centre of Educational Assessment (CEA) at the University of Helsinki in Finland in 2013 and 2016. All schools in the municipality were recruited. According to an ethical review of our research protocol, we informed the adolescents' parents about the assessment and the adolescents gave their consent on participation by agreeing on taking the test.
All participants were enrolled in "comprehensive schools," which are the mandatory part of the educational system in Finland, namely, from 1st to 9th grade (for children/adolescents aged 7 to 16; Finnish peruskoulu, Swedish grundskola, literal translation: "basic school"). The same CPS test was administered in the 6th grade in 2013 (Time 1; N ϭ 1,959; 49,5% girls) and in the 9th grade 2016 (Time 2; N ϭ 1,690; 52% girls) assessments (see further descriptions of the sample at Time 1 and Time 2 in Table  1 ). The investigated age range represents a developmental period in which adolescents still develop their CPS skills and are sensitive to training and intervention (Molnár, Greiff, & Csapó, 2013) . Full information maximum likelihood estimation (FIML; Collins, Schafer, & Kam, 2001) was used in Mplus Version 7.4 (Muthén & Muthén, 2010) to handle missing data.
Procedure
The Education Department of the municipality organized the ethical approval of the project "Learning to learn in basic education schools" and the used measures. The National Institutes of Health and Welfare and the Ministry of Education and Culture, both in Finland, approved the research protocol that was used. Before the assessment, the Education Department informed the school principals in detail and provided them with an information This document is copyrighted by the American Psychological Association or one of its allied publishers.
letter for the parents. The parents had the opportunity to receive further information on the study and also to withdraw their children's participation, if desired. At both time points, the assessments took place on school days as a part of regular school activities; the participants did not receive external rewards for participation. Homeroom teachers received detailed written instructions to administer the test sessions. The teachers were also asked to log in to the online assessment system to get familiar with the content before the test sessions. All tests were administered using tablet computers and the members of the assessment team visited some of the sessions for quality monitoring reasons. The participants were assessed via an online test battery consisting of three blocks of 45-min sessions. In the first two 45-min sessions, the participants completed cognitive assessment tasks, learning-related motivational beliefs questionnaires, and a personal background questionnaire. The cognitive tasks comprised reading comprehension, mathematical thinking skills, and reasoning tasks, of which only the reasoning tasks were used in this study. The motivational beliefs questionnaires consisted of several scales from different theoretical origins, of which one questionnaire was used in this study. The order of presentation of tasks and questionnaires was counterbalanced so that tasks of different domains were distributed evenly throughout the session. Self-report questionnaires were divided up into different sets that were presented between cognitive tasks.
In the final 45-min session, the participants watched a short video built in the assessment platform to learn the principles of the CPS tasks. Then, they completed the online CPS tasks and a questionnaire assessing test anxiety.
The data from this panel study were used also for other publications. The general design of the study is described in Vainikainen (2014) . The research questions and analyses presented in this manuscript have not been addressed previously and are unique.
Measures and Scoring
Isolated variation strategy. At Time 1 and Time 2, we assessed the participants' use of the isolated variation strategy using tasks based on the MicroDYN framework . MicroDYN tasks are a reliable and valid computerbased measure of complex problem solving ability; they were used to measure problem-solving performance in the PISA 2012 survey (OECD, 2014) . In the MicroDYN CPS tasks, adolescents work on nontransparent and dynamically changing problems by exploring the impact of three input variables on three output variables within fictitious scenarios (e.g., in a "creating a perfume," "feeding a cat," or "driving a moped" scenario; see also Greiff et al., 2012; Schweizer et al., 2013; Wüstenberg et al., 2012) . Each MicroDYN task consists of two phases, a knowledge acquisition phase (maximum time allotted: 180 s) and a knowledge application phase (maximum time allotted: 90 s). Six MicroDYN CPS tasks for which isolated variation was the optimal strategy were chosen for this study. The isolated variation strategy was scored only during the knowledge acquisition phase.
For example, in the knowledge acquisition phase of the Micro-DYN task called "Perfume" (see Figure 1 ), the participants were to adjust the levels of three input variables, which represented the fictitious ingredients of a perfume ("Norilan," "Miral," and "Karumin"), to observe changes in the output variables, which represented the resulting scents ("Fresh," "Fruity," and "Flowery"). The participants were to adjust the levels of input variables in any way they deemed necessary to discover the impact of the ingredients on the resulting scents. After the participants had adjusted the level of at least one ingredient or combined up to three ingredients, they were to click on "Apply" to observe the single or combined effect on the resulting scent. Use of the isolated variation strategy was operationalized as manipulation of only one ingredient at a time before clicking Apply. Isolated variation was coded by a computer algorithm that registered how many variables were manipulated at a time before clicking Apply. A participant's score was either 0 (no use of isolated variation strategy at all), 1 (partial use of isolated variation strategy; isolated variation strategy was applied to some, but not all input variables), or 2 (isolated variation strategy was applied to all input variables). Thus, the indicators for the latent transition analysis were ordered categorical indicators with three categories (0, 1, and 2). Table 2 depicts the category frequencies for isolated variation strategy use at Time 1 and Time 2.
Scientific reasoning ability. We measured scientific reasoning ability at Time 1 using the "control of variables task" (Hautamäki, 1984) , a modified version of Shayer's (1979) science reasoning task called "Pendulum." We presented the participants two scenarios in the realm of Formula 1 races to be compared based on the effect of four variables: driver, car, tires, and track. The participants were asked to judge whether the single effect of the driver, car, tires, or track could be concluded from comparisons of the effects described in tables ("Based on the information given in the table, can you make a conclusion on the effect of the driver on the end result?"). Then, two comparison sets were shown to the participants. The first set was a table with a prefilled first row; the participants had then to decide on the properties of the second row to be able to make the conclusions specified in the task. In the second comparison set, the table was empty and the participants were asked to construct a hypothetical comparison to be able to study the effects specified in the task. In total, there were four decisions on the effects of single variables and two comparison sets to be completed. The items were coded dichotomously, and we calculated a mean score from the six coded items (N ϭ 1,907; M ϭ 2.11, SD ϭ 1.61). The reliability of the test at T1 was acceptable (␣ ϭ .68).
Verbal reasoning ability. We measured verbal reasoning ability at Time 1 using five items from the "missing premises task" from the Ross Test of Higher Cognitive Processes (Ross & Ross, 1979) . We presented the participants with the first of two premises and a conclusion, and they selected the second premise from five alternatives that would make the conclusion valid. (e.g., "Conclusion: This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Lake Saimaa is too cold for swimming. First fact: The temperature of Lake Saimaa is 5 centigrades. Which of the following is the second fact if the conclusion is valid? Most lakes are too cold for swimming.; It is wintertime.; Five degree water is too cold for swimming.; Lake Saimaa is always cold.; Swimming in cold water is no fun."). We scored the participants' responses to each item dichotomously as correct or incorrect and averaged them to produce a mean score (N ϭ 1,936; M ϭ 2.03, SD ϭ 1.20). Because of the small number of items, the reliability of the scale at T1 was rather low (␣ ϭ .46).
Figural reasoning ability.
A subsample of participants completed a paper-based figural reasoning task at Time 1. Figural reasoning was measured using the classical Piagetian water-level task for understanding horizontal and vertical axes (Hautamäki, 1984; Piaget & Inhelder, 1956) . We presented a picture of eight empty bottles to the adolescents. One of the bottles was standing upright in a vertical position, and the rest were inclined by 45, 90, 135, 320, 270, 225 , and 180°from a vertical position, respectively. The task was to draw a line indicating the water level inside the bottle and color the area filled with water when each bottle was half full. Each bottle was scored dichotomously as correct or incorrect, and then a mean score was calculated for the eight coded items (N ϭ 402; M ϭ 5.26, SD ϭ 2.28). The reliability of the measure was good at T1 (␣ ϭ .83).
Learning-related motivational beliefs. We assessed the participants' learning-related motivational beliefs using the "control Note. CPS ϭ complex problem solving; 0 ϭ no use of isolated variation strategy; 1 ϭ partial use of isolated variation strategy; 2 ϭ consistent use of isolated variation strategy. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
expectancy scale" from the Finnish learning-to-learn instrument (see also Vainikainen et al., 2015) . The instrument is based on the Finnish learning to learn model (LTL model; e.g., Hautamäki et al., 2002) , which was derived from attribution and socialcognitive theory (Bandura, 2006; Rotter, 1990) . The three items of the scale assess whether adolescents perceive themselves as capable of learning and whether they perceive learning as something controllable and changeable. The items ("If I don't master yet what I would like to, I know I will be able to learn it," "If I don't yet master something I need to, I will learn it easily enough," "If learning something is important to me, I know I'll learn it") were rated on a 7-point Likert scale ranging from 1 (not true at all) to 7 (very true). We computed a mean score of the three items at T1 (N ϭ 1,940; M ϭ 5.30, SD ϭ 1.01; ␣ ϭ .61).
Analysis Plan
We conducted a latent transition analysis (LTA) in Mplus Version 7.4 (Muthén & Muthén, 2010) ; this type of analysis is a longitudinal extension of latent class analysis (LCA), and both are specific cases of latent mixture modeling. Latent mixture modeling is a person-centered approach to modeling heterogeneity by classifying individuals into subgroups with similar characteristics. LCA is a multivariate statistical model, according to which a latent variable can be inferred from a set of categorical indicators in the way that individuals in each class show common behavior patterns, that is, the individuals are members of a particular latent class. LTA (also known as hidden Markov modeling) is a longitudinal mixture model in which individuals are allowed to transition between classes with a particular probability. Lanza, Patrick, and Maggs (2010) suggest to name the patterns latent "classes" in LCA, "profiles" in latent profile analysis (LPA), and latent "statuses" in LTA. We kept the term "profile" in this LTA instead of "status" because we found it the more specific and descriptive term to describe different CPS strategy use patterns.
In LTA, latent profile membership probabilities, transition probabilities, and item response probabilities are estimated. Latent profile membership probability is the probability that a participant will be classified as having a given profile at a certain time point. Transition probability is the probability that a participant will change profile membership over time, and item response probability is the conditional probability that a participant will always use the isolated variation strategy, under the condition that one has been classified as having a particular profile at Time 1. The mathematical model for LTA is presented in Appendix (see Collins & Lanza, 2010 , for a more comprehensive introduction to LTA).
In the present study, we examined multivariate behavior profiles and transitions from Time 1 (2013) to Time 2 (2016). Based on statistical criteria, parsimony, and interpretability, we selected the optimal number of profiles. For the sake of interpretability, the number of latent profiles per time point is ideally as parsimonious as possible and set to be equal over time. Statistical models should estimate no more parameters than absolutely necessary to represent the data adequately (Box & Jenkins, 1970) . As for statistical criteria, smaller values of relative fit indices (Akaike's Information Criterion, AIC, Akaike, 1987;  and Bayesian Information Criterion, BIC, Schwarz, 1978) are preferred. Fit indices indicate whether the distribution of the data corresponds to the population model and represents a more optimal balance between model fit and parsimony. However, indices like AIC and BIC are more useful for ruling out alternative models than showing which models are absolutely valid. To ensure that profiles are equally interpretable across time points, we held item response probabilities equal across time. This is a common procedure in the context of LTA to enhance the parsimony and interpretability of the data (see also Rinne, Ye, & Jordan, 2017) . We then compared the models with constrained response probabilities (measurement invariant models) to models with freely estimated item response probabilities to evaluate the fit of the more parsimonious models. Also, because mixture models are susceptible to local solutions, multiple runs with different sets of random values were performed to ensue rather a global than a local fit is obtained (see also Feldman, Masyn, & Conger, 2009; Hipp & Bauer, 2006) . In all the runs with different sets of starting values the solutions were replicated.
Finally, we included reasoning and learning-related motivational beliefs at Time 1 as covariates in the model. To test the effects of reasoning and learning-related motivational beliefs on the latent transitions over time multinomial logistic regression was used. The basic idea was that the interaction of the covariates with the item response probabilities at Time 1 would predict the item response probabilities at Time 2. In that, each covariate has k-1 (k is the number of profiles) different complementary effects when one profile is compared against another profile. Odds ratios (ORs) reflect the change in likelihood of membership in the target profile when compared with the reference profile for each unit increase in the predictor. An OR of 2 indicates that for each unit change in the predictor, the participants are two times as likely to be classified as belonging to the target profile in comparison to the reference profile; an OR smaller than 1 represents a negative logistic regression coefficient and indicates that the likelihood of belonging to the target decreased. For example, an OR of .5 means the likelihood of membership to the target profile compared with the comparison profile is lessened by 50% per unit increase in the predictor (see also Kam, Morin, Meyer, & Topolnytsky, 2016) . We included the covariates separately into the LTA models to investigate the separate effects of scientific, verbal, and figural reasoning as well as learning-related motivational beliefs (see also Collins & Lanza, 2010) .
Results
Goal 1: Determine the Optimal Number of Strategy Use Profiles
We assessed model identification for seven measurement invariant and variant LTA models. Table 3 shows the model fit information that was used to determine the final model. For reasons of interpretability and parsimony, we preferred the measurement invariant (constrained) models, although the freely estimated (unconstrained) models showed a slightly better model fit. The benefit of the measurement invariant models is that the nature and meaning of the latent profiles is constant across time and, therefore, can be interpreted. Of the measurement invariant models, the fourclass model was superior to the two-class and three-class models with respect to AIC and BIC. Moreover, the four-class model was superior to the five-, six-, seven-, and eight-class models with This document is copyrighted by the American Psychological Association or one of its allied publishers.
respect to entropy and parsimony. Thus, we decided to keep the four-class model for further interpretation. Figure 2 shows the item response probabilities of the profiles and graphically depicts the four different profiles. As the item response probabilities were constrained to be equal across the two time points, the eventual profiles are identical for Time 1 and Time 2. Participants classified as Proficient Explorers used the isolated variation strategy across the six CPS tasks consistently (Ͼ80%). Participants classified as Rapid Learners were not likely (Ͻ50%) to apply the isolated variation strategy in the first three CPS tasks, but more likely (Ͼ50%) to apply the strategy in the last three CPS tasks. Participants classified as Emerging Explorers applied the isolated variation strategy in the first few CPS tasks, but then reverted to only partially using the isolated variation strategy as the predominant strategy in the later, more difficult tasks. Finally, participants classified as Low-Performing Explorers were highly likely (Ͼ60%) to fail to use the isolated variation strategy to solve the six CPS tasks.
Goal 2: Determine the Number of Meaningful Developmental Paths and the Transition Probabilities
Our study with two time points and four profiles of isolated variation strategy use (Proficient Explorers, Rapid Learners, Note. LTA ϭ latent transition analysis; AIC ϭ Akaike information criterion; BIC ϭ Bayesian information criterion. Figure 2 . Item response probabilities that Proficient Explorers, Rapid Learners, Emerging Explorers, and Low-Performing Explorers would use the isolated variation strategy at Time 1 and Time 2. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Emerging Explorers, and Low-Performing Explorers) included 4 2 ϭ 16 possible developmental paths (i.e., transition patterns). The properties of these paths are listed in Table 4 . We grouped these developmental paths, characterizing them as either stable, improving, or declining. Stable paths were the most frequently occurring developmental paths; adolescents on stable paths had been classified as having the same profile of isolated variation strategy use at Time 1 and Time 2 (43% of the adolescents). Adolescents on improving paths had been classified as having demonstrated more frequent use of the isolated variation strategy (i.e., as having a better strategy use profile) at Time 2 than Time 1 (36%). Finally, adolescents on declining paths had been classified as having demonstrated poorer use of the isolated variation strategy (i.e., as having a worse strategy use profile) at Time 2 than Time 1 (12%). The latent transition probabilities indicate the conditional probability of having a particular strategy use profile at Time 2 (see Table 5 ). For instance, if adolescents were classified as Proficient Explorers or Low-Performing Explorers at Time 1, they were most likely to be classified as Proficient Explorers (.72) or Low-Performing Explorers (.59) at Time 2. In contrast, if adolescents were classified as Rapid Learners at Time 1, their performance was most likely to improve, resulting in their classification as Proficient Explorers by Time 2 (.55). Adolescents who were classified as Emerging Explorers at Time 1 were most likely to be classified as Low-Performing Explorers at Time 2 (.37).
Taken together, the profiles of the greatest number of adolescents remained stable: Adolescents who were classified as Proficient Explorers or Low-Performing Explorers at Time 1 had a high probability of retaining the same profile. However, there was also a smaller number of adolescents whose profiles changed: Rapid Learners had a relatively high probability of achieving a better profile at Time 2, and Emerging Explorers had a relatively high risk of having a worse profile at Time 2.
Goal 3: Test the Impact of Reasoning Abilities and Learning-Related Motivational Beliefs on Transition Probability
Finally, we incorporated reasoning and learning-related motivational beliefs as separate covariates into the LTA model to predict the adolescents' latent class transition probabilities. All models with covariates had a lower AIC and BIC and higher entropy than models without covariates.
Neither scientific reasoning nor figural reasoning abilities predicted adolescents' strategy use profiles at Time 1 or their patterns of transition from Time 1 to Time 2 profiles. However, adolescents' verbal reasoning scores predicted the probability that those classified as Emerging Explorers at Time 1 were classified as Low Performing Explorers at Time 2 (B ϭ Ϫ1.01, SE ϭ 0.42, p ϭ .016, OR ϭ 0.36): The higher Emerging Explorers' verbal reasoning scores, the less likely they were to be classified as Low Performing Explorers (as compared with Proficient Explorers) at Time 2.
Learning-related motivational beliefs did not predict other transition patterns, but they did predict the probability that those classified as Emerging Explorers at Time 1 would also be classi- 
Discussion
The three main goals of the present study were to (a) determine the optimal number of strategy use profiles in complex problem solving of adolescents, (b) determine the number of meaningful developmental paths for each strategy use profile, and (c) test the impact of reasoning abilities and learning-related motivational beliefs on the probability that an adolescent with a given strategy use profile will take a given developmental path. The present study showed that LTA is a valuable tool to investigate and reveal developmental paths of adolescents' strategy use profiles.
First, four meaningful profiles emerged from the latent transition analysis: Proficient Explorers, Rapid Learners, Emerging Explorers, and Low-Performing Explorers. These results are in line with the results obtained in a large Hungarian sample using a cross-sectional design (Greiff et al., 2018) . Replication is an important research endeavor and this study met this endeavor by replicating strategic behavior profiles in an adolescent sample in Finland using a longitudinal design, thereby showing that the findings are generalizable across countries (Duncan et al., 2007) .
Second, we found three developmental pathways (stable, improving, and declining) and showed that some adolescent profiles were more stable over time than others. We found that most of the adolescents in our sample showed stable developmental pathways (i.e., no change in their use of the isolated variation strategy): Adolescents classified as Proficient Explorers or Low-Performing Explorers at Time 1 were most likely to be classified at Time 2. The CPS tasks clearly separated these two extreme profiles of adolescents, whose development was less influenced by reasoning ability and learning-related motivational beliefs than the profiles of Rapid Learners and Emerging Explorers were. On the other hand, adolescents classified as Rapid Learners and Emerging Explorers at Time 1 were more likely to be reclassified at Time 2. Rapid Learners' strategy use was most likely to improve, resulting in their classification as Proficient Explorers at Time 2, and Emerging Explorers' strategy use was most likely to decline, resulting in their classification as Low-Performing Explorers at Time 2.
Third, we found that Emerging Explorers' strategy use was less likely to decline at Time 2 if their verbal reasoning scores were high. Moreover, Emerging Explorers with positive learningrelated motivational beliefs showed improved strategy use at Time 2. These findings may indicate that, although CPS task performance is rather independent of prior knowledge, a certain degree of verbal reasoning ability enables adolescents to perform well on the task. CPS tasks entail particular verbal components that require some degree of verbal reasoning to understand the task requirements, at least in the initial stages of the task. PISA data confirm that CPS scores are associated with achievements in mathematics, science and reading (Wirth, Leutner, & Klieme, 2005) ; therefore, better verbal reasoning skills have likely protected the strategy use of Emerging Explorers against decline over time. These results need further empirical support because the reliability of the verbal reasoning test is lower than the reliability of the other measures.
However, the results indicate that the positive development of CPS strategy use in particular groups of adolescents is associated with better verbal reasoning abilities.
Most important for the present study is that learning-related motivational beliefs, which were assessed on a general level, had specific effects on the adolescents' strategy use over time. Positive learning-related motivational beliefs facilitated Emerging Explorers' improvement in strategy use and, thus, their classification as Proficient Explorers at Time 2. This finding supports the common notions that one's perception of oneself as capable of learning is associated with a positive learning effect. The results on the effect of verbal ability and learning-related motivational beliefs confirm previous longitudinal findings in which verbal ability and learning-related beliefs were shown to maintain and facilitate adolescents' CPS development. Learning-related motivational beliefs and verbal abilities might be a good starting point for interventions to promote the favorable development of strategic behavior during CPS in the group of Emerging Explorers.
The finding that none of the three reasoning abilities or the learning-related motivational beliefs influenced the positive development of the Rapid Learners' strategic profile was unexpected. A cross-sectional large-scale study found fluid reasoning, scientific reasoning, and learning orientation to be good predictors of the isolated variation strategy use during CPS, but also showed that all predictors together still left about 60% of the variance in use of the isolated variation strategy unexplained . The authors speculated that metastrategic knowledge may be a relevant, but not investigated influence on the use of the strategy. We were not able to test this in this study, but following this rationale, Rapid Learners might have acquired some metastrategic knowledge between T1 and T2 that helped them to become Proficient Explorers at T2. Factual knowledge about strategies, reasoning, and motivational beliefs, might, in concert with the adolescents' personal background, developmental history, and persistence, better explain the development of strategy use during CPS. Future studies should examine a range of other important individual and social-contextual factors (e.g., persistence or sociocultural background) together with measures of metastrategic knowledge to complement current findings on the development of Rapid Learners or Low-Perfoming Explorers.
Overall, the observed differences between students are consistent with the cognitive load theory (van Merriënboer & Sweller, 2005) . There is considerable variability in cognitive effort required to master complex learning material (here: the CPS tasks). Thus, the differences pertain to the level of cognitive load because students' access to the relevant cognitive schemata that reflect how to explore the CPS tasks is available to different degrees (Greiff et al., 2018) . This view is helpful as it links our findings to the vast body of literature on instructional design and intervention research embedded in cognitive load research (e.g., Paas, Renkl, & Sweller, 2004) . So far, interventions aimed at increasing CPS performance have relied on repeatedly confronting problem-solvers with problems of a similar nature (e.g., Kretzschmar & Süß, 2015) . Training lead to an increase in performance and also to an increase in strategic behavior (Lotz et al., 2017) . However, to the best of our knowledge, no efforts have been dedicated toward instructional design trying to understand different profiles of CPS performance. Based on our findings, trainings in CPS strategic behavior could be more specifically tailored to the needs of specific groups of stu-This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. dents providing them with the scaffolding necessary to succeed in solving complex problems. The current findings also confirm that the assumptions of the overlapping wave model may be applied on CPS strategy use development (Siegler, 1996) . In line with the overlapping waves model, we showed considerable within and between differences between students' CPS strategy use over time. Also, we found various developmental paths, for example, groups of students who progressed to more advanced CPS strategy use profiles as well as groups who shifted to worse profiles over time. Particularly Emerging Explorers, who used the isolated variation strategy inconsistently, were likely to decline to a worse strategy use profile before being able to apply the best strategy for the task.
It is important to note that our results only apply to 11-to 17-year-old adolescents and one specific measure of CPS. The findings appear to be generalizable across Europe (Hungary and Finland; Greiff et al., 2018) ; future studies need to confirm whether the findings generalize to other age groups, other cultures, and other CPS measures (e.g., Genetics Lab: Sonnleitner et al., 2012; MultiFlux: Kröner, Plass, & Leutner, 2005) .
Also, while using the LTA method, we carefully considered statistical, theoretical, and parsimony criteria for interpreting the profiles. However, it is important to note that, just as in all other scientific studies using LTA or LCA, the meaning of the profiles was assigned post hoc as neither method is confirmatory. Finally, because of the 3 years' time between Time 1 and Time 2, it is impossible to know if the adolescents transitioned directly from one profile to another from Time 1 to Time 2. One would need to consider the underlying speed and progress of the behavior change in each profile to reach conclusions about what happened during the 3 years. Unfortunately, the present design does not provide these insights. Future studies are needed to complement the findings using either shorter time frames between measurement time points or implementing intensive longitudinal designs, such as ambulatory assessments (Fahrenberg, Myrtek, Pawlik, & Perrez, 2007) .
The investigation of continuity and change in behavior is a long-standing developmental science interest (Bornstein, Putnick, & Esposito, 2017) . To our knowledge, this is the first longitudinal study to explore the continuity of and change in developmental pathways of adolescents' strategic behavior in complex environments and antecedents of that behavior in a large sample of adolescents using a latent mixture modeling approach. We identified four profiles of adolescents following either stable, improving, or declining pathways. Verbal reasoning ability and learningoriented motivational beliefs were associated with a positive development of Emerging Explorers, a group of adolescents that tends to occasionally use the isolated variation strategy over time. Verbal reasoning and learning oriented motivational beliefs served as protective and reinforcing factors in the development of these adolescents.
The identification of profiles as well as their respective developmental pathways and relevant predictors are important because they allow researchers and practitioners to detect individual adolescents' needs and to tailor future adolescents' education and training. Because of the increasing relevance of domain-general skills such as CPS, the continued pursuit of this research and training agenda will have significant implications for educational and developmental psychology.
